The current guidelines recommend reperfusion therapy in acute myocardial infarction (AMI) with ST-segment elevation or left bundle branch block (LBBB). Surprisingly, the right bundle branch block (RBBB) is not listed as an indication for reperfusion therapy. This study analysed patients with AMI presenting with RBBB [with or without left anterior hemiblock (LAH) or left posterior hemiblock (LPH)] and compared them with those presenting with LBBB or with other electrocardiographic (ECG) patterns. The aim was to describe angiographic patterns and primary angioplasty use in AMI patients with RBBB.
Aims
The current guidelines recommend reperfusion therapy in acute myocardial infarction (AMI) with ST-segment elevation or left bundle branch block (LBBB) . Surprisingly, the right bundle branch block (RBBB) is not listed as an indication for reperfusion therapy. This study analysed patients with AMI presenting with RBBB [with or without left anterior hemiblock (LAH) or left posterior hemiblock (LPH)] and compared them with those presenting with LBBB or with other electrocardiographic (ECG) patterns. The aim was to describe angiographic patterns and primary angioplasty use in AMI patients with RBBB.
Methods and results
A cohort of 6742 patients with AMI admitted to eight participating hospitals was analysed. Baseline clinical characteristics, ECG patterns, coronary angiographic, and echocardiographic data were correlated with the reperfusion therapies used and with in-hospital outcomes. Right bundle branch block was present in 6.3% of AMI patients: 2.8% had RBBB alone, 3.2% had RBBB + LAH, and 0.3% had RBBB + LPH. TIMI flow 0 in the infarct-related artery was present in 51.7% of RBBB patients vs. 39.4% of LBBB patients (P ¼ 0.023). Primary percutaneous coronary intervention (PCI) was performed in 80.1% of RBBB patients vs. 68.3% of LBBB patients (P , 0.001). In-hospital mortality of RBBB patients was similar to LBBB (14.3 vs. 13.1%, P ¼ 0.661). Patients with new or presumably new blocks had the highest (LBBB 15.8% and RBBB 15.4%) incidence of cardiogenic shock from all ECG subgroups. Percutaneous coronary intervention was done more frequently (84.8%) in patients with new or presumably new RBBB when compared with other patients with blocks (old RBBB 66.0%, old LBBB 62.3%, new or presumably new LBBB 73.0%). Inhospital mortality was highest (18.8%) among patients presenting with new or presumably new RBBB, followed by new or presumably new LBBB (13.2%), old LBBB (10.1%), and old RBBB (6.4%). Among 35 patients with acute left main coronary artery occlusion, 26% presented with RBBB (mostly with LAH) on the admission ECG.
Introduction
Left bundle branch block (LBBB) and right bundle branch block (RBBB) in acute myocardial infarction (AMI) patients are well known to carry the high mortality risk. 1, 2 Nevertheless, the guidelines of the European Society of Cardiology (ESC) list only LBBB as an indication for urgent reperfusion therapy. 3 The American
Heart Association (AHA)/American College of Cardiology (ACC) guidelines provide similar recommendations. 4 Thus, the current guideline-recommended electrocardiographic (ECG) indications for reperfusion therapy in AMI include ST-segment elevation (STE) and LBBB of new or unknown onset. It is not well known whether also new or unknown onset RBBB should be an indication for reperfusion therapy, especially in the modern era of primary percutaneous coronary intervention (PCI). The aim of this analysis was to investigate the coronary angiographic (CAG) findings, reperfusion therapies used, and in-hospital outcomes of patients with AMI presenting with RBBB when compared with those presenting with LBBB or with other ECG patterns. 
Methods Patients

Coronary angiography, reperfusion therapy, outcomes
Coronary angiographic or autopsy data were analysed to estimate the number of diseased major coronary arteries, to identify the infarct-related artery, and to analyse TIMI flow in the infarct-related artery before and after percutaneous coronary intervention (PCI, whenever it was performed). Coronary angiography was described by the interventional cardiologist, who performed the procedure. Pre-discharge echocardiographic ejection fraction was registered. Reperfusion therapies used during the initial hospital stay and in-hospital mortality were analysed.
Statistical analysis
For continuous variables, mean values and standard deviations were calculated. After checking normality by the Shapiro-Wilk test, Student's t-test was used for testing of the hypotheses about the means when two groups (RBBB and LBBB) were compared. Nearly 80% of RBBB patients had a complete or subtotal occlusion of the infarct-related artery (TIMI flow 0-2 was present in 79.6% of RBBB AMI patients). Furthermore, the distribution of TIMI flow grades among RBBB patients closely resembled the pattern seen among ST elevation group and this angiographic similarity between STEMI and RBBB was more distinct than between STEMI and LBBB ( Table 2) .
Left main coronary artery occlusion
Ninety-seven patients (1.4% of the entire study population) had left main, as the infarct-related, artery ( Figure 2 ). In 35 of them, the left main coronary artery (LMCA) was functionally occluded (TIMI flow 0-2): most frequent ECG presentation pattern for LMCA occlusion was STE (n ¼ 17), followed by RBBB [n ¼ 9; with LAH in six patients ( Figures 3 and 4 ) and without LAH in three patients], LBBB (n ¼ 6), and ST-segment depression (n ¼ 3). In other words, acute LMCA occlusion presents in 26% with RBBB, without STEs ( Figure 5 ). Table 2 for details). In STEMI patients primary PCI was performed in 88.1%.
Reperfusion therapies
In-hospital outcomes
Despite the fact that RBBB patients were younger, had less frequent diabetes, less severe CAG findings, and less previous AMIs than LBBB patients, RBBB was related with a similar mortality as LBBB [ Relation between in-hospital mortality and duration of the hospital stay
Even after taking the length of hospital stay into account, the conclusions concerning in-hospital mortality remain unchanged. We have tried the logistic regression model with length of hospital stay as a covariate and Cox's model. The overall test is significant (P-value for the comparison of all five groups P , 0.001). The comparison RBBB vs. LBBB yields P ¼ 0.686, so the adjustment for length of stay brings only very small shift compared with the P-value presented in Table 2 . The P-values for other contrasts involving RBBB group are: RBBB vs. STEMI P , 0.001, RBBB vs. STDMI P ¼ 0.014, RBBB vs. other ECG P , 0.001. In fact, the median duration of hospital stay among the deceased patients was short (2 days for RBBB and 2.5 days for LBBB), confirming the clinical experience that vast majority of fatalities occurs within initial 48-72 h after hospital admission.
Bundle branch block onset time
Patients with BBBs were further divided according to the BBB onset time ( 
Disappearence of bundle branch block during the hospital stay
In 87 patients, the BBB (present on the admission ECG) disappeared during the hospital stay. Almost all these patients had BBB of new or unknown onset and they mostly presented to hospital with acute heart failure (mean Killip class was 1.93, cardiogenic shock was present in 19%, 86% were treated by primary PCI, which was successful in 98%). Left bundle branch block disappeared in 32 patients and their mortality was 6.2%. Right bundle branch block disappeared in 55 patients and their mortality was 12.7%.
Bifascicular blocks
Patients, in whom RBBB was combined with either LAH or LPH tended to be older, had higher incidence of diabetes, had lower ejection fraction, more frequent occurrence of three-vessel disease and LAD as an infarct-related artery, and had slightly higher mortality ( Table 4) .
Right bundle branch block and ST-segment elevations
ST-segment elevations (as defined in the methods section) were recognizable on electrocardiograms of 226 (53%) RBBB patients, while in 201 (47%) of patients presenting with AMI and RBBB no STEs could be found. TIMI flow 0-2 was found on emergent coronary angiography among 135 (67%) patients with RBBB and no STEs and 205 (91%) of those who had RBBB and STEs. 
Discussion
Outcomes of acute myocardial infarction patients with bundle branch block Historically, the mortality of patients with AMI and RBBB before the thrombolytic era reached 77%. 5 A more recent study from Denmark still revealed the highest mortality of AMI among patients with BBB (left or right): 33.3% patients died in-hospital and 54.8% were dead at 1 year. 6 In the study of Dubois et al., 7 patients with BBB (both left and right) had more complications and higher Killip class on admission. Both in-hospital mortality (32 vs. 10%, P , 0.001) and 3-year mortality (37 vs. 18%, P , 0.001) were higher among patients with complete BBB. In one study of 1238 consecutive patients with AMI, 8 Multivariate analysis showed an independent prognostic value of RBBB for early and 1-year mortality.
Bundle branch block onset time
In the usual clinical reality (at the time of decision for urgent CAG procedure), BBB frequently cannot be securely established as new or old. Thus, patients without information about previous ECG are described as 'BBB of unknown origin' and were evaluated together with patients in whom previous ECG did not show BBB.
Right bundle branch block in the guidelines
The ESC and AHA/ACC guidelines 3, 4 were discussed in the introduction part. These guidelines surprisingly do not list new (or unknown) onset RBBB as an indication for reperfusion therapy. Interestingly, the guidelines of the American College of Emergency Physicians for the management of patients with suspected AMI or unstable angina 9 recommend reperfusion therapy in presence of any type of BBB. This recommendation is based on the GISSI 10 and ISIS-2 studies. 
Bundle branch blocks and thrombolysis
The absolute mortality reduction from thrombolysis was greatest among patients presenting with any BBB (24.9%), followed by anterior STE (23.7%), ST elevation 'other' (22.8%), ST depression (21.4%), and ST elevation inferior (20.9%). 13 The analysis of the GUSTO 1 and TAMI 9 cohorts 14 found that left anterior descending (LAD) artery infarcts account for 54% of all new BBBs and among anterior infarcts RBBB was more common (13%) than LBBB (7%). Thrombolytic therapy reduced mortality among patients with both BBBs (left and right).
Bundle branch blocks and primary percutaneous coronary intervention
Kurisu et al. 15 in patients with anterior myocardial infarction found significantly higher 30-day mortality in patients with RBBB compared with those without RBBB (14.0 vs. 1.9%, P , 0.01). The study of Kleeman et al. 16 found that patients presenting with RBBB had higher in-hospital (26 vs. 11%, P , 0.001) and postdischarge (19 vs. 9.2%, P , 0.001) mortality than patients without RBBB. After adjustment for differences in baseline characteristics, RBBB remained an independent predictor of increased mortality. Sakakura et al. 17 retrospectively analysed a group of 25 patients with AMI caused by the LMCA occlusion. The in-hospital mortality was 60%. Logistic regression analysis found RBBB as an independent predictor of mortality. Hirano et al. 18 found that 37% of patients with AMI caused by the LMCA occlusion present with RBBB, while only 3% with LBBB. We have shown that acute LMCA occlusion presents in 26% only with RBBB without STEs ( Figure 5 ) being in close accordance both to previously mentioned reports and with Hirano et al., who found that in 30% of LMCA occlusions no STE could be found on the admission ECG, while RBBB with left axis deviation (frequently accompanied by ST-elevation in aVR) is typical for this catastrophic type of AMI. Another study 19 found RBBB even in 52% of patients with acute occlusion of the LMCA.
In the PAMI trials, 20 patients with LBBB (1.6%) on presenting electrocardiogram were compared with patients who had RBBB (3.1%) or no BBB (95.3%). In-hospital mortality was highest with LBBB 14.6%, followed by RBBB 7.4% and no BBB 2.8% (P , 0.0001).
Right bundle branch block and ST-segment shifts/Q waves Some authors 2, 21 request for the diagnosis of AIM with RBBB other ECG changes (e.g. ST-segment elevations) to be present, while this is not the case for LBBB (where it is generally accepted that LBBB masks ST-segment shifts). Right bundle branch block is thought not to mask the repolarization phase changes or Q waves, therefore other ECG changes have to be present to conclude the diagnosis of AIM. However, others 22 warn before this 'clear-cut' opinion pointing out that minor ST elevations in the anterior leads (V1 -V4) can be missed due to compensation by pseudonormalization of the negative T waves. Our experience showed that even in large infarcts (caused by left main or proximal LAD coronary artery occlusion) bifascicular block (RBBB + LAH or rarely RBBB + LPH) may occur without typical STEs and thus a large life threatening AMI might be missed when ST elevations are required. Authors of this study repeatedly experienced mistakes in the clinical decision making in the real life practice, when patients with ischaemic symptoms and new or presumably new RBBB (but without STEs) were neither referred to urgent coronary angiography + PCI nor treated by thrombolysis, sometimes with catastrophic consequences. This bad experience was the actual trigger for this study. It has been also shown that interpretation of Q-waves can be tricky in the presence of RBBB. 23 Gussak et al. 24 showed that RBBB after myocardial infarction shortened Q wave duration, thus enabling false-negative diagnosis of inferior myocardial infarction. Also the term 'RBBB-dependent Q-wave' was introduced by Rosenbaum et al., 25 who described appearance of new Q waves in leads V1-V2 that disappeared after restoration of normal conduction. Thus false-positive and falsenegative diagnosis of myocardial infarction can be made when describing ECG with RBBB in suspicion of myocardial infarction.
Study limitations
The main study limitation is a retrospective character of analysis. However, all participating centres enrol AMI patients to their own or nationwide registries, thus minimizing the risk of losing a subject from analysis. Another limitation relates to the fact that coronary angiography analysis was not performed in a core lab and by blinded manner. However, we have analysed 'real life' data similar to other registries published and this is not a comparison of different treatment approaches.
Conclusions
Acute myocardial infarction with new or presumably new RBBB on the admission ECG is frequently related with complete occlusion of the infarct-related artery and with primary PCI treatment when compared with AMI + LBBB. Tables 1 and 2. 
